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ABSTRACT 


This  report  contains  three  articles  regarding  the  "Venus 
Flytrap"  collector  rocket.  The  first  article  discusses  the  experi¬ 
mental  details  and  rocket  performance.  The  second  and  third 
articles  present  the  results  obtained  to  date  and  an  interpretation 
of  these  results,  respectively. 
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ARTICLE  I 


MICROMETEORITE  COLLECTION  FROM  A  RECOVERABLE 

SOUNDING  ROCKET 

R.  K.  Soberman^'^,  C.  L.  Hemenway^'^,  T.  G.  Ryan^, 

S.  A.  Chrest^,  J.  Frissora^,  and  E.  F.  Fullam®’^ 

ABSTRACT 

The  "Venus  Flytrap"  micrometeorite  collector  rocket  was 
fired  from  White  Sands,  New  Mexico  on  6  June  1961  at  05:31  a.  m. 
local  time.  Specially  prepared  particle  impactors  were  exposed  be¬ 
tween  the  altitudes  of  88  and  168  km  and  successfully  recovered.  The 
rocket  design  and  performance  is  discussed.  The  experimental  sur¬ 
faces  consisted  of  0.  24  of  6- micron- tliick  mylar  foil  for  impact  and 

cratering  studies  and  0. 13  m^  of  sealed  boxes  which  were  loaded  with 
high  purity  materials  and  surfaces  suitable  for  electron  microscopy. 
In  all,  eight  different  materials  were  used  to  permit  an  evaluation  of 
the  effectiveness  of  different  materials  and  techniques  for  the  collec¬ 
tion  and  study  of  micrometeoritic  particles.  Some  of  these  materials 
were  shadowed  with  aluminum  before  and  after  the  flight  to  aid  in  the 
discrimination  of  micrometeorite  particles  from  contaminants. 

On  6  June  1961  at  5:31  a.  m.  MST  an  Aerobee  150  rocket,  de¬ 
scriptively  christened  the  "Venus  Fl3d;rap, "  was  successfully  fired 
from  the  White  Sands  Proving  Grounds  in  New  Mexico.  Figures  1, 

2,  and  3  are  photographs  of  the  nose  cone  or  "payload”  section  of  that 
rocket.  In  Fig.  1  the  nose  cone  is  shown  in  the  fully  closed  position 
in  which  it  was  fired  and  traveled  up  through  the  lower  atmosphere. 

An  electric  motor  then  raised  the  outer  skin  or  ogive  assembly 
(Fig.  2);  and  finally  another  motor,  aided  by  the  2  rps  spin  which  was 
applied  to  the  rocket,  extended  the  eight  "leaves"  outward  to  complete 
the  opening  cycle  (Fig.  3).  The  nose  cone  was  designed  to  fly  in  this 
last  position  through  the  upper  atmosphere,  exposing  collectors 
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Fig,  4,  Penetration  experiment. 


mounted  on  the  tops  of  the  leaves  and  on  the  internal  structure.  Prior 
to  re-entry  the  rocket  was  "de-spun, "  thus  allowing  the  nose  cone  to 
be  resealed,  and  the  booster  section  was  severed  explosively  from  the 
payload.  At  an  altitude  of  6  km  a  parachute  was  deployed  and  the  nose 
cone  descended  to  the  ground  where  recovery  was  effected. 

Four  of  the  leaves  carried  a  penetration  experiment  (sketched 
in  Fig,  4)  which  covered  a  total  area  of  0, 24  m^.  The  first  two  layers 
were  mylar  films  6  microns  thick.  Prior  to  the  flight  these  films 
were  examined,  using  a  helium  leak  detector,  to  make  sure  that  there 
were  no  holes.  In  addition  to  flux,  penetration,  and  cratering  data,  it 
was  hoped  that  this  experiment  might  yield  some  zenith  angle  informa¬ 
tion  if  more  than  one  layer  were  penetrated  by  the  impinging  particles. 

A  second  type  of  experiment  carried  on  the  vehicle  were  sur¬ 
faces  which  were  intended  to  trap  particles  of  lesser  momentum  (that 
is,  submicron  particles  if  such  existed  or  somewhat  larger  particles 
which  had  been  sufficiently  slowed  down  in  the  atmosphere).  These 

surfaces  were  mounted  in  aluminum  boxes  for  cleanliness. 

2 

Eight  such  boxes,  each  having  an  open  area  of  160  cm  ,  were 
mounted  on  four  of  the  leaves  of  the  nose  cone.  The  lids  of  the  boxes, 
on  which  more  collection  surfaces  were  mounted,  were  fastened  to 
the  internal  structure  of  the  nose  cone.  The  boxes  and  their  covers 
were  prepared  with  liigh-purity  materials.  All  boxes  were  treated  and 
loaded  in  an  identical  fasliion  and  were  completely  interchangeable. 
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Since  the  fabrication  left  the  inside  of  the  boxes  extremely  rough 
it  was  found  to  be  impractical  to  try  to  clean  the  internal  surfaces.  To 
prevent  the  collection  surfaces  from  being  contaminated  with  debris 
from  the  box,  the  debris  was  sealed  to  the  surface  with  a  plastic 
coating  of  hlgh-purity  nitrocellulose.  All  of  the  covers,  clamps, 
screws  and  washers  were  cleaned  in  benzine  to  remove  grease  and 
other  contaminants.  The  open  area  inside  the  gasket  on  the  cover  was 
covered  with  a  nitrocellulose  film  0. 003  inch  thick.  This  film  was 
held  in  place  with  10 -mesh  stainless- steel  screening. 

A  total  of  eight  different  surfaces  were  loaded  in  the  boxes. 
There  were  seven  Incite  slides,  each  ^4  inch  by  2  inches  by  1/16  inch, 
covered  with  various  substrates.  The  eighth  surface  was  a  large  piece 
of  bare  Incite,  1-5/8  inches  by  5  inches  by  1/16  inch.  Figure  5  is  a 
schematic  of  the  positioning  for  the  various  substrates  used.  All  of 
the  thin  films,  v/hich  were  approximately  200  A  thick,  were  supported 
with  200- mesh  copper  screening.  The  coated  screening  and  the  self- 
supporting,  thick,  nitrocellulose  films  (0. 003  inch  thick)  were  glued 
to  the  Incite  slides  which  were  held  in  place  by  clamps.  Since  there 
was  no  past  experience  to  go  by,  several  substrate  materials  and 
handling  techniques  were  tried  in  an  attempt  to  find  the  most  effective 
and  unambiguous  collection  system.  Figure  6  is  a  photograph  of  a 
typical  box  and  cover.  As  can  be  seen  in  this  photograph,  the  boxes 
and  their  Uds  were  protected  by  sealed  plastic  covers. 

Extreme  care  was  necessary  in  handling  these  boxes  to  insure 
that  contamination  would  be  kept  to  a  minimum.  Therefore  the  nose 
cone  was  thoroughly  cleaned  prior  to  the  installation  of  all  the  experi¬ 
ments.  After  the  experiments  were  installed,  the  nose  cone  operation 
was  checked  by  cycling  it  twice  in  a  precleaned  room.  During  these 
operations  the  protective  covers  were  still  on  the  boxes  and  lids. 

Ilnally  a  large  sealed  plastic  tent  was  erected  over  the  nose  cone,  and 
the  air  in  the  tent  was  allowed  to  stagnate  for  some  two  hours.  Then 
the  nose  cone  was  cycled  for  the  final  ground  test  and,  during  tills 
test,  the  protective  covers  were  removed  from  the  boxes  and  lids. 
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Fig.5.Location  of  substrates 
for  collection  experiment. 

A,  Lucite  slide  shadow -cast 

with  aluminum 

B,  Silicon  monoxide  on  thin 

formvar 

C,  Thick  nitrocellulose  film 

D,  Thin  formvar 

E,  Thick  nitrocelluose  coated 

with  carbon 

F,  Thin  formvar  shadow- 

cast  with  aluminum 

G,  Thin  nitrocellulose 

shadow-cast  with  aluminum 

H,  Bare  lucite 


Fig.  6.  Typical  micrometeorite  coUectJjig  box. 
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The  boxes  and  lids  were  exposed  for  less  than  30  sec  in  the  tent  before 
being  sealed  in  the  nose  cone.  An  identical  box  was  exposed  in  the 
handling  room  to  serve  as  controls  for  contamination.  Further,  as 
can  be  seen  from  Figs,  5  and  6,  there  were  controls  mounted  in  each 
box.  These  controls  consisted  of  an  area  approximately  one-fourth  of 
the  surface  and  which  was  protected  by  an  aluminum  shield  placed 
0. 5  mm  above  the  surface  so  that  air  could  freely  flow  under  the  shield. 
These  shielded  surfaces  were  exposed  in  the  same  enviromnents  and 
subjected  to  the  same  handling  procedures,  but  could  not  be  impinged 
upon  from  above. 

The  boxes  were  opened  and  closed  during  the  flight  by  the  action 
of  the  leaves.  Upon  descent  of  the  nose  cone,  the  boxes  were  sealed  by 
atmospheric  pressure.  Filtered  ports  at  the  base  of  the  nose  cone  al¬ 
lowed  pressure  equalization  inside  the  skin  of  the  nose  cone.  The 
boxes,  however,  were  designed  to  maintain  a  vacuum  Inside, 

These  extreme  precautions  were  not  taken  with  the  penetration 
experiments,  but  care  was  exercised  to  protect  the  film  surfaces  from 
any  direct  contact. 

The  "Venus  Flytrap"  system  performed  as  planned.  The  telem¬ 
etry  record  wliich  was  used  only  to  monitor  the  rocket  functions  in¬ 
dicated  that  everything  operated  perfectly  and  at  approximately  the 
preset  times.  From  this  telemetry  record,  the  angles  at  which  the 
leaves  were  exposed  were  determined.  The  four  leaves  containing  the 
penetration  experiments  were  exposed  at  an  angle  of  73.5°  with  re¬ 
spect  to  the  vertical  axis  of  the  rocket.  The  four  leaves  on  which  the 
boxes  were  mounted  were  exposed  at  an  angle  of  66. 5°  with  respect  to 
tills  same  axis. 

An  aspect  camera  was  installed  to  record  the  attitude  of  the 
rocket.  These  data  have  not  yet  been  fuUy  reduced.  However,  it  ap¬ 
pears  that  the  rocket  axis  precessed  from  about  10°  on  one  side  of  the 
vertical  to  about  45°  on  the  other  side  of  the  vertical  during  the  portion 
of  the  flight  where  the  nose  cone  was  open.  The  spin  of  the  rocket  was 
reduced  from  2  rps  to  1.4  rps  by  the  opening  of  the  leaves.  A  device 
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known  as  a  "yo  yo"  which  threw  off  two  weights  reduced  the  spin  to 
essentially  zero  just  before  the  nose  cone  was  closed.  This  was 
necessary  since  the  motor  did  not  have  sufficient  power  to  close  the 
leaves  while  the  rocket  was  spinning. 

A  curve  of  altitude  versus  time  is  shown  in  Fi^.  7.  Rocket 
burnout  occurred  at  an  altitude  of  35  km  as  shown,  (Note:  At  burnout 
the  fuel  and  oxidizer  tanks  were  valved  shut  in  accordance  with  stand¬ 
ard  rocket  procedure.)  The  opening  of  the  nose  cone  was  accomplished 
in  about  one  second  at  an  altitude  of  88  km.  The  rocket  then  ascended 
for  131  sec  to  an  apogee  of  168  km,  and  then  descended  for  105  sec  to 
116  km  where  closing  was  accomplished,  again  in  about  one  second. 
During  tills  entire  exposure  time  the  rocket  remained  in  a  near  vertical 
attitude  (that  is,  it  precessed  but  did  not  turn  over). 

Figure  8  is  a  curve  of  velocity  versus  time  for  the  rocket.  As 
can  be  seen  from  the  curve,  the  rocket  approximated  a  free-fall  tra¬ 
jectory  during  the  time  that  the  nose  cone  was  open. 

The  nose  cone  was  found  sealed  and  intact.  It  lay  in  the  desert 
for  about  one  hour  after  landing  before  being  placed  in  a  protective 
plastic  bag.  Samples  of  the  desert  sand  were  taken  for  control  pur¬ 
poses.  On  return  to  the  handling  room  the  outer  skin  was  washed 
down  with  acetone  and  the  nose  cone  was  wrapped  in  a  clean  plastic 
bag  for  shipment.  One  week  later  in  a  "dust-free"  environment  the 
nose  cone  was  opened  for  examination.  Five  of  the  eight  boxes  were 
found  to  still  be  under  sufficient  vacuum  to  require  opening  by  injection 
of  clean  air  with  a  hypodermic  syringe. 

The  details  of  this  experiment  have  been  described  at  length 
sii^ce  they  are  felt  to  have  important  bearing  upon  the  validity  of  the 
results  wliich  are  presented  in  the  next  paper. 
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Fig.  7.  Vehicle  altitude  versus  time. 


Fig.  8„  Veliicle  velocity  versus  time. 
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ARTICLE  n 


MICROMETEORITE  COLLECTION  FROM  A  RECOVERABLE 

SOUNDING  ROCKET 

C.L,  Hemenway^*  R.K.  Soberman^'^,  E.  F.  FuUam®'^, 

J.J.  Baisamo^,  J.  Cole^*^,  D.  Hallgren®,  P.  Yedinak^, 

A.  Goodman^,  G.  ^ 

ABSTRACT 

Three  Independent  electron  microscopes  and  observer  teams 
have  been  used  to  evaluate,  count,  electron  micrograph,  and  measure 
the  micrometeorite  particles.  Typical,  particles  and  size  distributions 
are  shown.  Particles  have  been  found  in  structures  and  sizes  similar 
to  those  obtained  at  lower  altitudes  with  U-2  aircraft  and  balloon  col¬ 
lection  techniques.  Approximately  7  particles/  mm^  were  collected 
during  the  flight.  Most  of  the  particles  were  subinicron  in  size  and 
generally  fell  into  three  types:  high  density  spheres,  medium  density 
irregular  particles,  and  extremely  irregular  medium- density  particles 
(fluffy  particles).  Some  of  the  larger  particles  had  sufficient  momen¬ 
tum  to  rupture  exposed  fUms.  Laboratory  and  nose-cone  controlled 
surfaces  were  carefully  studied  to  permit  identification  of  micromete¬ 
orite  particles. 

As  described  in  the  first  article,  two  types  of  experiments  were 
carried  on  the  "Venus  Flytrap"  rocket  (that  is,  the  penetration  and 
the  trapping  experiments).  Tliis  paper  presents  the  results  obtained 
to  date  from  these  experiments. 

The  mylar  fUms  from  the  penetration  experiment  were  tested 
by  a  helium  leak  detector  after  return  to  the  laboratory  .  Three  holes 
were  found  in  top  layer  fUms;  but  there  was  no  evidence  of  damage  on 
the  second  layer  fUms  beneath  these  holes.  Figures  1,  2,  and  3  show  the 
three  holes.  The  holes  shown  in  Figs.  1  and  2  were  found  on  the  same 
mylar  fUm.  The  first  hole  (Fig.  1)  measures  90  microns  across  the 
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short  axis  and  330  microns  across  the  long  axis.  The  second  hole 
(Fig.  2)  measures  450  microns  across  the  short  axis  and  1160  microns 
across  the  long  axis.  The  final  hole  (Fig.  3)  found  on  another  film 
wMch  was  mounted  on  the  same  leaf  measures  330  microns  across  the 
short  axis  and  550  microns  across  the  long  axis.  Note  the  flap  struc¬ 
ture  and  curling  of  the  mylar  in  all  three  photographs. 

Tliis  flap  structure  and  curling  are  believed  to  be  indicative  of  low 
velocity  impact.  From  the  appearance  of  the  holes  it  is  hypothesized 
that  they  were  caused  by  particles  comparable  in  dimension  to  the  hole 
size  wliich  impacted  at  relative  velocities  of  less  than  about  2  km/  sec. 
Laboratory  studies  are  presently  being  carried  out  to  verify  these  hypo¬ 
theses  and  to  determine  the  strength  of  these  films  under  low- velocity 
impact  conditions.  Two  holes  found  in  an  equal  number  of  control  films 
appear  to  have  been  caused  by  handling,  and  careful  examination  shows 
no  similarity  with  the  holes  that  were  found  on  the  flight  samples. 

A  careful  microscopic  examination  of  the  top  layer  mylar  films 
was  made  in  the  hope  of  finding  imbedded  particles  or  craters.  It  was 
immediately  noticed  that  the  upper  layer  of  films  had  more  particles 
on  them  than  the  second  layer  or  the  controls.  But  as  was  mentioned 
in  the  previous  paper,  extreme  cleanliness  had  not  been  maintained 
with  these  films  and  therefore  tliis  information  could  not  be  exploited. 
Tliis  scanning  did  not  turn  up  any  further  unambiguous  information, 
since  the  experiment  was  designed  to  look  for  punctures  and  no  records 
were  kept  of  film  defects. 

There  have  been  many  attempts  in  the  past  to  collect  micrometeorite 
particles  at  ground  level,  on  mountain  tops,  by  balloons,  and  by  liigh- 
altitude  aircraft.  However  all  of  these  techniques  have  been  open  to 
criticism  because  of  contamination  by  terrestrial  particles.  Since  tliis 
is  a  very  serious  problem,  we  next  discuss  the  various  safeguards  which 
were  built  into  the  "Venus  Flytrap"  experiment  to  assure  reliable  identi¬ 
fication  of  microiiieteorites.  There  were  five  controls  for  tliis  portion 
of  the  experiment.  Some  have  been  described  in  the  first  article  of  this 
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Micrometeorite  caused  hole  in  Mylar  film 
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Fig.  3.  Micrometeorite  caused  hole  in  Mylar  film. 


report.  All  five  controls  are  listed  below  with  brief  comments: 

1.  Laboratory  exposures:  These  were  spare  boxes 
prepared  at  the  same  time  and  in  the  same  way 
as  the  flight  boxes.  One  of  these  spares  was  ex¬ 
posed  in  the  laboratory  for  an  extended  period  to 
study  contaminating  particles  from  the  laboratory. 
Micrometeorite  particles  as  described  below  were 
not  found  in  the  laboratory  controls. 

2.  Rocket  preparation  exposure:  A  spare  box  was  ex¬ 
posed  at  Wliite  Sands  during  final  rocket  testing. 

As  described  in  Article  I  it  was  necessary  to  re¬ 
move  the  mylar  covers  from  the  boxes  at  the  time 
the  nose  cone  was  sealed.  The  boxes  had  to  be 
fabricated  in  such  a  way  that  the  nose  cone  could 
be  opened  and  closed  and  yet  not  contaminate  the 
samples  wliile  the  final  checkouts  were  being  car¬ 
ried  out  on  the  nose  cone.  In  the  room  where 

the  nose  cone  was  being  cycled  for  the  final  time 
a  spare  box  was  opened  for  the  full  time  during 
wliich  the  mylar  covers  were  off  prior  to  the  final 
sealing.  TMs  operation  was  carried  out  in  a 
plastic  tent  as  previously  described. 

3.  Desert  dust  examination;  A  sample  of  desert 
dust  was  examined  to  see  wliat  kind  of  particles 
could  be  expected  from  the  air  at  Wliite  Sands. 

To  minimize  desert  dust  contamination,  the 
outside  of  the  nose  cone  was  thoroughly  cleaned 
in  the  laboratory  and  kept  in  a  plastic  bag  until 
one  hour  before  flight  and  removed  only  when 
the  rocket  was  pressurized.  No  evidence  of 
desert  dust  contamination  was  detected. 

4.  Rocket  particle  examination:  In  a  clean  envi¬ 
ronment  wipings  were  made  of  the  inside  of  the 
nose  cone  and  were  mounted  on  electron  micro¬ 
scope  screens  for  examination.  Some  metal 
cliips  and  some  oil  were  found.  None  of  the 
types  of  particles  considered  to  be  micromete¬ 
orites  were  found  in  these  wipings. 

5.  Sliielded  flight  samples;  The  best  controls  were 
the  sliielded  areas  inside  each  box.  Approxi¬ 
mately  one  quarter  of  the  area  of  each  box  was 
blocked  off  in  such  a  way  that  air  flow  was 
allowed  beneath  the  sliield  by  separating  the 
sliield  approximately  a  half  millimeter  from  the 
control  surfaces.  Thus  if  small  particles  were 
drifting  around  in  the  air,  they  could  wander  be- 
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neath  the.sliield;  yet  any  particles  that  would  liit 
at  liigh  altitude  would  be  prevented  from  liitting 
these  control  surfaces.  Figure  6  of  Article  I 
(page  5)  shows  the  metal  sliield  in  the  middle  of 
an  open  box. 

Tliis  study  utilized  three  independent  teams  of  electron 
microscopists  using  three  electron  microscopes.  Some  of  the  char¬ 
acteristics  of  electron  microscopes  are  presented  here  for  those 
readers  not  familiar  with  tliis  instrument.  The  magnification  of  an 
electron  microscope  is  generally  very  liigh  by  comparison  with  op¬ 
tical  techniques  and  one  can  only  scan  a  few  square  millimeters  per 
day.  With  an  electron  microscope,  the  limit  of  resolution  is  in  the 
order  of  lOA  to  200A,  wMch  is  a  factor  of  100  or  more  better  than  the 
resolution  possible  with  optical  microscope  techniques.  With  an  elec¬ 
tron  microscope,  one  is  able  to  distinguish  surface  details  and  textures 
of  particles,  can  measure  particle  sizes  accurately,  and  can  see  how 
transparent  the  particles  are  to  electrons.  Finally,  wMle  optical 
microscopes  can  scan  large  areas  it  is  generally  extremely  difficult  to 
distinguish  one  small  particle  from  another.  When  one  studies  micro¬ 
meteorites,  one  is  always  working  with  a  ’'noise''  or  "background"  level, 
and  contaminant  particles  will  always  be  present,  it  will  be  shown 
that  if  the  textures  of  the  particle  surfaces,  the  shapes  and  sizes  of  the 
particles,  etc. ,  can  be  studied,  contaminants  can  be  recognized  and 
readily  ruled  out  of  consideration. 

Perhaps  the  most  effective  technique  used  in  tliis  experiment 
for  micrometeorite  identification  is  the  shadowing  technique  wherein, 
just  before  the  boxes  were  loaded,  certain  of  the  slides  had  a  coating 
of  aluminum  evaporated  on  the  collection  surface  at  an  angle  of  ap¬ 
proximately  80°  from  the  normal  to  the  surface.  Thus  any  particles 
that  were  on  the  collection  surface  before  the  boxes  were  loaded  would 
cast  a  shadow  in  the  direction  the  aluminum  was  deposited.  After  the 
flight,  another  shadowing  at  75°  was  put  on  at  rouglily  right  angles  to 
the  previous  shadowing,  if  a  particle  was  deposited  between  the  two 
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shadowings,  it  should  have  only  the  second  shadow;  and  if  it  was  de¬ 
posited  during  the  scanning  process,  it  should  have  no  shadows.  Con¬ 
taminant  particles  within  the  films  will  also  be  shadowless.  Tliis 
shadowing  or  "flagging"  technique  is  a  useful  way  of  reducing  the  ever 
present  contamination  level.  The  flagging  techniques  had  disadvant¬ 
ages.  For  example,  if  one  attempts  electron  diffraction  analyses, 
then  one  may  be  bothered  by  the  presence  of  the  aluminum,  although 
it  may  be  convenient  for  some  purposes  to  have  a  calibration  stand¬ 
ard  on  the  same  sample. 

After  a  preliminary  examination  of  the  various  collectir^  sur¬ 
faces  it  was  decided,  for  the  initial  study  of  the  particles,  to  concen¬ 
trate  on  the  surfaces  on  wliich  the  flagging  technique  was  used.  The 
observer  scans  first  with  a  magnification  of  the  order  of  2000  to  5000 
times.  He  looks  for  single  flagged  particles.  However  a  single  flag 
is  considered  to  be  a  necessary  but  not  a  sufficient  requirement  since 
it  was  possible  for  contaminant  particles  to  be  deposited  between  the 
two  flaggings.  The  single  flagged  particle  is  examined  to  determine 
whether  it  can  be  recognized  as  a  contaminant  at  low  magnification, 
if  not,  then  the  magnification  is  increased  to  between  15, 000  and 
20, 000  times,  and  the  particle  is  examined  very  carefully.  To  be 
counted  as  a  micrometeorite  the  particle  has  to  be  of  a  type  that  could 
not  be  found  on  any  of  the  controls. 

There  are  three  types  of  particles  that  did  not  appear  on  the 
controls.  These  were  dense  spheres  with  sharp  edges  ranging  in  size 
down  to  a  few  tenths  of  a  micron  or  even  less,  irregular  submicron 
particles,  and  extremely  irregular  particles  wliich  were  termed 
"fluffy.  "  ill  addition  some  smashed  fluffy  particles  were  found,  and 
also  several  holes  were  found  in  some  of  the  tliin  collecting  surfaces. 
The  results  described  here  were  obtained  with  surfaces  of  nitrocel¬ 
lulose  and  formvar  (approximately  200 A  tliick). 

Figure  4  shows  an  optical  micrograph  of  a  portion  of  a  200- mesh 
per  inch  copper  screen  wliich  has  an  open  area  rouglily  100  microns 
along  an  edge.  The  succeeding  figures  (Figs.  5  to  16)  are  electron 
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Fig.  4.  200  mesh  per  inch  copper  screen  used  to  support  collecting  surfaces. 


micrographs  of  a  small  portion  of  these  open  areas  in  the  mesh  screen. 
Unless  otherwise  indicated,  the  scale  represents  1  micron. 

Figure  5  shows  the  flagging  technique  described  above.  The  particle 
on  the  right  has  two  shadows  and  is  therefore  clearly  a  contaminant; 
the  particle  on  the  left  has  one  shadow  and  was  identified  as  an  irreg¬ 
ular  type  submicron  micrometeorite. 

Figure  6  shows  mica- like  contaminants.  TMs  type  is  found  on 
all  electron  microscope  slide  materials  and  apparently  is  in  the  air  we 
breathe.  There  have  been  no  successful  techniques  to  eliminate  tliis 
type  of  contaminant  from  electron  microscope  specimens.  These 
particles  can  be  readily  identified;  they  are  flat,  of  low  density,  and 
have  sharp  edges. 

Figure  7  shows  a  rounded,  medium- density,  submicron  parti¬ 
cle  of  the  type  initially  difficult  to  identify  as  a  contaminant.  Notice 
the  fuzzy  edge  on  tliis  particle.  These  types  of  submicron  particles 
were  found  on  both  the  controls  and  the  flight  samples.  One  reason  for 
liigh  magnification  to  aid  in  the  identification  of  micrometeorites  was 
to  find  out  whether  such  particles  had  sharp  or  fuzzy  edges. 

Figure  8  shows  a  small  spherical  micrometeorite  with  a  sharp 
edge  and  high  density.  Notice  that  it  can  be  readily  distinguished  from 
the  fuzzy- edge  spherical  particle  shown  in  Fig.  7. 

Figure  9  shows  a  large  irregular  type  of  particle  wliich  almost 
looks  like  a  museum  meteorite.  Notice  that  the  surface  is  character¬ 
ized  by  rounded  irregularities  and  is  partially  transparent  to  electrons 
(medium  density).  Tliis  particle  was  counted  as  a  large  irregular 
micrometeorite;  in  fact,  it  is  one  of  the  largest  single- flagged  parti¬ 
cles  found  to  date. 

Figure  10  shows  an  extremely  irregular  particle  wliicli  is 
termed  a  "fluffy"  jiarticle.  All  particles  not  having  a  compact  struc¬ 
ture  were  labeled  "fluffy,"  Tliis  type,  as  well  as  the  others  obtained 
in  the  Venus  Flytrap  experiment,  are  found  in  U-2  aircraft  collections. 
Figure  11  shows  a  fluffy  particle  obtained  from  a  U-2  collection. 
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Fig.  5.  Illustration  of  flagging  technique  used  to  identify  micrometeorites  (scale  =  1  micron). 
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Fig.  8.  Sub- micron  spherical  micrometeorite  (scale  = 


Irregular  micro  meteorite  (scale  = 


Fig.  11.  "Fluffy”  particle  obtained  from  U- 2  collection  (scale  =  2.  5  micron) 


Figure  12  shows  a  "sphere"  with  a  hole.  Notice  that  the 
"sphere"  is  not  quite  spherical.  It  is  approximately  2.  25  microns  in 
diameter  and  is  the  largest  of  the  spheres  found  thus  far.  The  hole  is 
about  2.4  microns  in  diameter.  Apparently  the  sphere  bumped  into 
tliis  200A  shadowed  nitrocellulose  film,  didn't  get  through,  and  made 
a  flapped  hole  about  the  same  size  and  shape  as  its  own  body.  A  num¬ 
ber  of  flapped  holes  of  tliis  type  have  been  found. 

Figure  13  shows  a  flapped  hole  where  a  smaller  spherical  par¬ 
ticle  broke  through  the  thin  nitrocellulose  completely.  Apparently  the 
flapped  hole  phenomenon  appears  over  a  wide  range  of  dimensions  when 
one  is  dealing  with  low  velocity  collisions. 

Figure  14  shows  an  elliptical  hole  where  the  particle  apparently 
penetrated  the  thin  film  at  an  angle  to  the  surface.  Notice  the  flaps  as 
well  as  the  cracks  radiating  from  the  ends  of  the  hole. 

Figure  15  shows  a  portion  of  a  smashed  particle^  probably  a  fluffy 
type.  The  debris  extended  over  a  length  of  more  than  100  microns. 
Several  of  these  smashed  particles  have  been  observed.  Such  particles 
are  also  found  on  impact-type  collections  made  with  U-2  aircraft.  An 
attempt  will  be  made  to  measure  the  breaking  strength  of  fluffy  particles 
to  determine  whether  the  values  obtained  correspond  to  those  required 
to  crumble  cometary  meteoroids. 

Figure  16  shows  a  group  of  particles.  Since  it  was  uncertain 
whether  such  particle  groups  represented  debris  from  the  breakup  of 
a  larger  particle,  in  the  determination  of  size  distributions  tliis  type 
of  particle  group  was  not  considered. 

Figure  17  shows  a  distribution  function  for  the  irregular  type 
of  particles.  In  Fig.  17,  only  particles  in  the  region  of  0. 1  to  1 
microm  have  been  plotted.  A  few  larger  and  smaller  individual  par¬ 
ticles  were  found. 

Figure  18  shows  a  distribution  of  the  "diameters"  of  the  fluffy- 
type  particles.  It  is  rather  difficult  to  determine  mean  diameters. 

For  tliis  deterniination,  the  diameters  in  two  perpendicular  directions 
were  measured  and  the  particle  was  assumed  to  be  ellipsoidal. 
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Fig.  14,  Elliptical  hole  created  In  200  A  Him  by  mlcrometeorlte  (scale  =  1  micron) 
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Remnants  of  a  smashed  micro  meteorite  (scale  =  1  micron) 
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IRREGULAR  PARTICLE 
DISTRIBUTION 


VENUS  FLYTRAP  JUNE  6,  1961 

Fig.  17.  Size  distribution  of  irregular  micrometeorites 
(0. 1  to  1  micron). 


FLUFFY  PARTICLE 
DISTRIBUTION 


VENUS  FLYTRAP  JUNE  6,  1961 

Fig,  18.  Size  distribution  of  "fluffy”  micrometeorites 
(0. 1  to  1  micron). 


In  Fig.  19  the  size  distribution  of  the  spherical -type  particles 
has  been  plotted.  Notice  that  the  size  extends  down  to  a  tenth  of  a 
micron  and  apparently  the  number  per  size  range  is  still  increa.sing  at 
that  point.  There  are  also  some  larger  spherical  particles  wlUch  are 
not  shown  on  this  distribution. 

Figure  20  shows  the  distribution  of  spherical  holes.  Notice 
that  there  appears  to  be  a  cutoff  at  about  0.  3  micron.  The  fact  that  the 
hole  distribution  extends  down  to  sizes  tliis  small,  and  that  spherical 
particles  much  larger  than  the  minimum  size  hole  are  observed, 
indicates  that  there  must  have  been  a  diversity  in  the  velocities  of 
particles  hitting  the  surfaces. 

To  date,  133  particles  which  are  believed  to  be  of  extraterrestrial 

origin  have  been  found  in  the  range  of  0. 1  to  1  micron  in  diameter. 

2 

They  were  found  in  a  total  area  of  17.  84  mm  .  Eleven  particles  larger 

2 

than  1  micron  have  been  found  in  an  area  of  18. 52  mm  .  Tliis  latter 
area  is  a  little  larger  because  the  less  serious  laboratory  contamination 
problem  associated  with  larger  particles  permitted  faster  scamiing. 

The  total  number  of  particles  larger  than  0. 1  micron  per  unit  area 
was  7,  3  particles/  mm  .  K  we  separate  these  particles  according  to 
type,  72  percent  are  irregular  with  sharp  edges  and  rounded  texture, 

16  percent  are  liigh-density  spheres,  and  12  percent  are  of  the  fluffy 
type.  Of  the  single  flagged  particles  examined,  2  out  of  every  3  were 
judged  to  be  micrometeorites  although  tliis  number  varied  somewhat 
from  sample  to  sample.  In  a  few  cases  there  was  some  difficulty  in 
deciding  whether  or  not  a  particle  was  a  micrometeorite.  Each  of  the 
observers  was  polled  independently.  The  largest  answer  given  by  any¬ 
one  of  these  for  the  frequency  of  such  cases  was  10  percent.  All  ob¬ 
servers  followed  the  rule:  "When  in  doubt  throw  it  out.  "  Actually  a 
few  particles  wliich  really  came  from  beyond  the  earth’s  atmosphere 
were  probably  discarded  by  tliis  conservative  policy. 

The  analysis  of  these  particles  is  just  now  beginning.  There  are 
three  techniques  wliich  offer  hope  for  determining  the  composition 
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VENUS  FLYTRAP  JUNE  6,  1961 

Fig.  19.  Size  distribution  of  spherical  micrometeorites 
(0. 1  to  1  micron). 


SPHERICAL  HOLE 
DISTRIBUTION 


DIAMETER  (MICRONS) 

VENUS  FLYTRAP  JUNE  6,  1961 

Fig.  20,  Spherical  hole  size  distribution  from  200 A  films. 


36 


of  these  particles:  electron  diffraction,  neutron  activation,  and  elec¬ 
tron-beam  probe  techniques. 

The  first  technique,  electron  diffraction,  thus  far  has  not  pro¬ 
duced  positive  results.  We  are  beginning  to  suspect  that  micrometeor¬ 
ite  particles  do  not  have  a  crystal  structure  and  that  any  original 
crystal  structure  has  been  scrambled  by  cosmic- ray  bombardment. 

It  may  turn  out  that  the  lack  of  crystal  structure  is  an  appropriate 
criterion  for  distinguisliing  micrometeorites.  More  work  is  needed 
to  establish  this  point. 

The  second  type  of  analysis  involves  neutron  activation.  Gamma- 
ray  spectra  studies  of  activated  samples  are  now  in  progress.  The 
tliird  technique  wliich  will  be  used  is  the  electron- beam  probe  wherein 
the  particles  are  used  as  X-ray  targets.  The  wavelengths  of  the  char¬ 
acteristic  X-radiation  are  used  to  identify  the  composition  of  the 
particle. 

In  summary,  we  believe  that  extraterrestrial  particles  have 
been  collected.  Several  points  form  the  foundation  of  tliis  belief.  The 
experiment  had  a  number  of  controls  which  were  carefully  chosen  and 
wliich  lend  confidence  to  the  results.  Secondly,  the  particles  were 
collected  at  altitudes  where  terrestrial  particles  are  very  unlikely  to 
reside  for  any  length  of  time.  The  tliird  fact  is  the  distribution  of 
holes  found.  By  dropping  particles  through  a  2- meter  long  vacuum 
tube,  it  was  determined  that  particles  of  the  order  of  7  to  10  microns 
diameter  will  just  break  through  200A  tliick  nitrocellulose  collection 
film  with  a  velocity  of  3  m/  sec.  Figure  20  showed  holes  0.  3  micron 
ill  diameter  in  the  flight  collection  films.  If  the  strength  of  the  films 
is  energy  sensitive  tliis  would  suggest  relative  velocities  of  the  order 
of  1  or  2  km/  sec  for  a  particle  comparable  in  size  to  the  smallest 
holes  found.  Finally,  the  observers  liave  had  considerable  experience 
loolving  at  the  liigli- altitude  particles  and  at  the  contaminants  wliixli 
appear  in  electron  microscopy.  In  fact,  four  of  the  observers  among 
tliem  have  had  a  total  of  40  years  experience  in  electron  microscopy. 
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This  experience  increases  our  confidence  that  the  particles  described 
and  shown  in  tliis  pa.per  are  indeed  nonterrestrial  in  origin. 

Although  there  is  much  more  to  be  done,  particularly  on  particle 
analysis,  and  these  results  are  only  preliminary,  we  feel  that  the 
further  study  is  not  likely  to  change  the  present  numerical  results 
significantly. 
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MICROMETEORITE  COLLECTION  FROM  A  RECOVERABLE 

SOUNDING  ROCKET 

R.K.  Soberman^* and  C,  L,  Hemenway^’^ 
ABSTRACT 

The  interpretation  of  the  preliminary  results  obtained  from  the 
"Venus  Flytrap"  rocket  Is  presented.  These  results  are  compared 
with  those  from  satellite  observations.  The  possible  existence  of  a 
dust  layer  is  discussed. 

The  preceding  articles  have  presented  experimental  details  and 
preliminary  results  of  the  Venus  Flytrap  experiment,  and  the  reasons 
for  confidence  in  these  results.  This  present  paper  Introduces  inter¬ 
pretations,  tentative  conclusions,  and  speculations. 

The  results  indicate  first,  the  apparent  existence  of  submicron 
particles  in  the  extraterrestrial  flux.  To  account  for  this,  one  must 
hypothesize  a  breakup  mechanism  for  larger  particles  or  speculate  on 
the  apparent  inefficiency  of  radiation  pressure  in  removing  submicron 
particles  from  the  solar  system. 

A  second  surprising  result  is  the  low  velocity  with  which  the 
particles  impinged  on  the  collectors.  Table  1  lists  terminal  velocities 
of  various  diameter  particles  over  the  altitude  range  covered  by  the 
Venus  Flytrap  Rocket.  If  one  argues  that  the  particles  should  be  ar¬ 
riving  at  the  earth  with  large  radial  velocities,  then  the  numbers 
presented  in  Table  1  (particularly  for  the  larger  diameter  particles) 
are  much  lower  than  those  one  would  observe  at  the  corresponding 
altitudes.  However  if  one  assumes  that  the  particles  had  been  in  orbit 
about  the  earth,  then  tangential  deceleration  at  altitudes  of  the  order 
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TABLE  1.  Particle  terminal  velocities  (km/sec). 
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of  500  km  or  less  would  result  in  radial  velocities  equal  to  or  even 
less  than  the  terminal  velocities  at  the  altitudes  shown.  From  the 
lack  of  Mgh- velocity  impacts  observed  in  the  experiment,  one  must 
accept  some  form  of  orbital  trapping  or  else  seek  a  mechanism  of 
radial  deceleration  or  "slow  down"  wiiich  is  more  effective  tlian  at¬ 
mospheric  drag  for  micrometeoritic  particles.  Electrostatic  deceler¬ 
ation  by  the  ionosphere  could  conceivably  be  such  a  mechanism  and 
should  be  investigated.  Whatever  the  meclianism,  it  will  be  assumed 
fertile  present  analysis  that  the  particles  observed  were  moving  down¬ 
ward  with  approximately  terminal  velocities. 

The  tliird  result  is  the  size  distribution  and  numbers  of  parti¬ 
cles  collected  per  unit  area.  Figure  1  is  a  plot  of  the  preliminary 
results  from  the  collectors  wliich  were  mounted  in  the  boxes.  The 
curve  plots  the  number  of  particles  found,  larger  than  a  given  diam¬ 
eter,  versus  the  diameter.  The  points  have  been  normalized  to  a 
total  area  of  1  square  meter.  A  line  with  slope  of  -1.3  has  been  fitted 
by  eye.  One  can  see  from  the  ordinate  values  tliat  the  assumption  of 
low  velocities  is  practically  a  necessity  if  one  is  to  understand  these 
results  in  the  light  of  other  meteoric  and  micrometeoric  work. 
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With  certain  assumptions,  a  value  for  the  extraterrestrial  flux 
can  be  calculated.  If  one  has  a  collector  moving  through  a  column  of 
unit  area  in  wliich  particles  are  falling  (Fig.  2),  then  the  number  of 
particles  of  given  size  collected  can  be  written  as: 


N  =/cPcdt  = 


where  9  is  the  flux  on  the  collector  and  v  is  the  velocity  of  the 
0  0 

collector.  This  can  also  be  written 


N  =  /  m  +  v„ 

J  a(_  p- 


where  v^  is  the  velocity  of  the  particles  and  n^  is  the  ambient  parti¬ 
cle  density.  The  minus  sign  is  used  when  the  collector  is  moving 
downward.  If  one  assumes  a  constant  ambient  flux  9  ,  then  one 
obtains:  r  a,.™  n 


The  first  integral  is  the  exposure  time  of  the  collector.  The  second 
term  can  be  evaluated  if  one  assumes  that  v^  is  the  terminal  velocity 
of  the  particles.  That  is 


''p  = 


where  is  the  ambient  air  density  and  o'  is  the  cross-sectional 
area  of  the  particles.  Assuming  spherical  particles  one  can  write: 


N  =  ,  I  dt  ± 


where  6  and  are  the  diameter  and  density  of  the  particles.  For 
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an  exponential  atmosphere  tills  equation  on  integration  yields: 


N 


t  + 


2H 


3  \l/2 

26Ppg/ 


(8) 


where  H  is  the  scale  height  and  the  subscripts  i  and  f  refer  to 
Initial  and  final  values.  The  quantity  in  the  brackets  (the  effective  ex¬ 
posure  time  of  the  collectors)  is  plotted  in  Fig.  3. 

O 

A  mean  particle  density  of  3  grams/cm  has  been  assumed. 

The  calculation  was  performed  by  summing  Eq.  (6)  over  regions  where 
the  scale  height  remained  reasonably  constant.  Densities,  scale 
heights,  and  gravitational  accelerations  were  obtained  from  the  stand¬ 
ard  atmosphere  tables.  ^  The  summation  was  cut  off  where  v  =  v 

p  c 

when  the  collector  was  moving  downward.  Implicit  in  these  calcula¬ 
tions  was  the  assumption  of  100  percent  collection  efficiency.  Theo¬ 
retically  tills  should  be  true  for  particles  larger  than  0.01  micron  at 
the  altitudes  of  interest  here.  The  number  of  particles  of  each  size 
collected  per  square  meter  divided  by  the  effective  collection  time  for 
that  size  is  then  the  flux  at  all  altitudes.  The  results  are  plotted  in 
Fig.  4.  The  ordinate  is  the  integrated  flux  (that  is,  the  flux  of  parti¬ 
cles  larger  than  a  given  diameter  is  plotted  as  a  function  of  the  diam¬ 
eter).  The  correction  factors  for  the  exposure  angle  and  any  sliielding 
effect  of  the  ogive  assembly  have  been  neglected.  In  the  lower  right- 
hand  corner  of  Fig.  4  the  three  points  from  the  mylar  films  (that  is, 
the  particle  sizes  assumed  to  have  caused  the  holes)  have  been  plotted. 
These  points  were  normalized  in  the  same  maraier  as  the  others. 

Notice  that  the  upper  slope  has  changed  to  -1.  2.  For  particle  diam¬ 
eters  larger  than  2  or  3  microns  (the  solar  radiation  cut-off)  a  shaded 

area  with  slope  -3.6  (wliich  is  the  best  estimate  from  satellite  data 
2 

for  these  sizes)  has  been  somewhat  arbitrarily  drawn.  Thus  from 
the  foregoing  a  flux  estimate  of  approximately  300  particles/m  /sec 
larger  than  3  microns  in  diameter  is  obtained.  This  estimate  is  based. 
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9oor 


Fig.  3.  Effective  collection  time  for  Venus  Flytrap  exper¬ 
iment. 


Fig.  4.  Micrometeorite  flux  as  calculated  from  Venus 
Flytrap  results. 
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of  course,  on  preliminary  data  and  may  change  slightly.  However, 
one  must  remember  that  the  calculation  is  based  on  the  assumption  of 
particles  moving  at  terminal  velocity.  Were  the  velocities  substan¬ 
tially  liigher,  the  flux  estimate  would  be  low  by  the  ratio  of  the  assumed 
effective  exposure  time  to  the  actual  open  time  of  the  collector.  That 
is,  the  flux  estimate  for  particles  3  microns  and  larger  would  be  mul¬ 
tiplied  by  a  factor  of  approximately  4/3.  On  the  other  hand,  if  it  were 
shown  that  the  actual  particle  velocities  were  lower  than  terminal  ve¬ 
locities  in  this  altitude  rai'^e,  then  the  estimated  flux  would  be  too 
high.  It  should  also  be  noted  that  the  present  flux  estimate  does  not 
include  the  particles  which  penetrated  the  200A  films  and  were  not 
recovered.  This,  if  included,  would  Increase  the  flux  by  approximately 
20  percent. 

At  tills  point  the  present  estimated  fluxes  can  be  compared  with 
measurements  made  from  satellites.  At  first  glance  the  derived  flux 
value  appears  to  be  orders  of  magnitude  liigher  than  any  recent  meas¬ 
urements  or  extrapolations.  However,  one  might  compare  the  present 
values  with  a  curve  for  a  geocentric  distribution  of  particles.  Such  a 

3 

curve  is  shown  in  Fig.  5.  Tliis  curve,  presented  earlier,  is  similar 

4 

to  that  presented  by  Whipple.  For  an  assumed  spherical  particle  with 

uuLform  density  of  3  grams/cni  ,  this  curve  represents  particles  9 

microns  in  diameter  and  larger.  The  curve  in  Fig.  5  would  predict  a 

2 

flux  of  such  particles  of  0.25/m  /sec  at  100  km.  From  Fig.  4,  the 

2 

present  estimate  would  be  about  6  particle/m  /sec.  If  one  assumes, 
however,  that  the  particles  measured  from  satellites  were  low- density 
loose  agglomerates  and  if  one  uses  a  density  of  0.1  gm/cni  ,  then  a 

_9 

particle  with  a  mass  of  10  gm  would  have  a  diameter  of  27  microns. 

The  present  e'^tijuate  (from  Fig.  4)  of  tliis  particle  size  would  be 
2  1 

0. 1  m  sec  ,  in  much  better  agreement  with  the  satellite  observations. 

To  speculate  briefly  on  the  source  of  these  particles,  it  is  felt 
that  terrestrial  origin  can  be  ruled  out.  A  cataclysmic  event  imme¬ 
diately  prior  to  the  firing  would  be  required  to  raise  particles  of  tliis 
size  to  a  90 -km  altitude.  No  such  event  was  observed  or  reported. 
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A  possibility  which  cannot  be  ruled  out  at  the  moment  is  that  of  a  sharp 
increase  in  flux  during  the  time  of  the  experiment.  On  6  June,  two 
daylight  radio- meteor  showers  were  in  progress,  the  Arietids  which 
peak  on  8  June  and  the  Zeta  Perseids  which  peak  on  9  June.  No  un¬ 
usually  liigh  activity  has  been  reported  for  tliis  period.  If  the  present 
experiment  was  performed  during  a  period  of  relatively  normal  activity 
(future  experiments  of  the  same  type  will  decide  this  question),  then 
one  is  forced  to  look  for  either  a  radial  "slow  down”  or  orbital  trapping 
mechanism.  Whatever  the  choice,  one  appears  to  be  led  to  the  con¬ 
clusion  that  a  dust  layer  (either  moving  orbitally  or  settling  slowly) 
exists  about  the  earth.  Tills  conclusion  follows  from  the  number  of 
particles  observed  and  the  low  relative  velocities.  The  possible  origin 

4 

or  origins  of  such  a  dust  layer  liave  been  discussed  by  WMpple  and 
shall  not  be  treated  here. 

In  summary,  the  three  observed  results  of  tMs  experiment  are  (1)  a 
preponderence  of  submicron  particles,  (2)  the  particles  were  apparently 
falling  at  low  velocity,  and  (3)  an  unexpectedly  large  number  of  parti¬ 
cles  were  collected.  These  results  are  consistent  with  one  or  both  of 
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the  following  hypotheses:  (1)  the  breakup  of  larger  low-density 
"fluffy”  particles,  and  (2)  the  existence  of  a  dust  layer  or  a  geocentric 
distribution  of  niicrometeoritic  particles  about  the  earth. 
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